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(57) Provided is a thermally conductive composition
containing a liquid resin, a thermally conductive powder,
and a dispersant, in which the liquid resin has a viscosity
of 10 mPa·s or more and 2,000 mPa·s or less at 25°C,

the dispersant is an acrylic silicone, and at least one of
the liquid resin and the thermally conductive powder con-
tains an alkyl group having 4 or more carbon atoms.
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Description

Technical Field

[0001] The present invention relates to a thermally conductive composition and a cured product thereof.

Background Art

[0002] In recent years, with the development of high-performance and compact electronic apparatuses and compo-
nents, the amount of heat generated by the electronic apparatus or the like becomes large, and a technique for releasing
heat effectively has been actively studied. In particular, in order to effectively release heat from a heat generation source
to a heat sink, high thermal conductivity and high insulation property are required for a thermally conductive material
interposed between the heat generation source and the heat sink. In general, the thermally conductive material is made
of a composition in which a matrix such as a resin is filled with a powder for imparting thermal conductivity. A metal oxide
such as alumina and a metal nitride such as aluminum nitride can be used as the powder having thermal conductivity,
and various dispersants and surface treatment agents have been studied in order to highly fill a resin matrix with these
powders.
[0003] For example, PTL 1 discloses a thermally conductive silicone rubber composition obtained by dispersing, in a
silicone rubber, a thermally conductive inorganic filler subjected to a surface treatment with a specific silane coupling
agent containing an alkyl group. In addition, PTL 2 discloses a silicone resin composition containing a thermosetting
silicone resin, an inorganic filler, and a dispersant having a specific structure.

Citation List

Patent Literature

[0004]

PTL 1: JP 11-209618 A
PTL 2: WO 2017/002474

Summary of Invention

Technical Problem

[0005] In order to obtain a resin composition having high thermal conductivity by highly filling a resin with a powder
having thermal conductivity, a large number of examples of using a silane coupling agent and a dispersant having a
siloxane structure are reported as disclosed in PTLs 1 and 2. However, when an attempt is made to prepare a composition
having higher thermal conductivity, there is a problem that flexibility of the composition is lost or it is difficult to coat a
substrate with the composition.
[0006] The present invention is made to solve the above problem, and an object thereof is to provide a thermally
conductive composition having excellent flexibility and excellent thermal conductivity.

Solution to Problem

[0007] As a result of intensive studies to solve the above problem, the present inventors have found that the above
problem can be solved by the following invention.
[0008] That is, the invention relates to the following.

[1] A thermally conductive composition containing a liquid resin, a thermally conductive powder, and a dispersant,
in which the liquid resin has a viscosity of 10 mPa·s or more and 2,000 mPa·s or less at 25°C, the dispersant is an
acrylic silicone, and at least one of the liquid resin and the thermally conductive powder contains an alkyl group
having 4 or more carbon atoms.
[2] The thermally conductive composition according to [1] above, in which the liquid resin is a silicone resin.
[3] The thermally conductive composition according to [2] above, in which the silicone resin is an alkyl-modified
silicone oil.
[4] The thermally conductive composition according to any one of [1] to [3] above, in which the thermally conductive
powder contains a metal nitride and a metal oxide.
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[5] The thermally conductive composition according to [4] above, in which the metal oxide is alumina.
[6] The thermally conductive composition according to [4] above, in which the metal nitride is aluminum nitride, and
the aluminum nitride has a silicon-containing oxide coating on a surface thereof.
[7] The thermally conductive composition according to any one of [1] to [6] above, in which with respect to a total
amount of the thermally conductive composition, a content of the liquid resin is 1.0% by mass or more and 20.0%
by mass or less, a content of the thermally conductive powder is 75.0% by mass or more and 98.0% by mass or
less, and a content of the acrylic silicone is 0.1% by mass or more and 2.0% by mass or less.
[8] The thermally conductive composition according to any one of [1] to [7] above, in which a content ratio of the
liquid resin to the acrylic silicone [liquid resin/acrylic silicone] is 85/15 to 98/2 in terms of a mass ratio.
[9] A cured product of the thermally conductive composition according to any one of [1] to [8] above.

Advantageous Effects of Invention

[0009] According to the present invention, a thermally conductive composition having excellent flexibility and excellent
thermal conductivity can be provided.

Description of Embodiments

[0010] Hereinafter, the present invention will be described in detail with reference to an embodiment.

<Thermally Conductive Composition>

[0011] A thermally conductive composition according to the present embodiment contains a liquid resin, a thermally
conductive powder, and a dispersant, the liquid resin has a viscosity of 10 mPa·s or more and 2,000 mPa·s or less at
25°C, the dispersant is an acrylic silicone, and at least one of the liquid resin and the thermally conductive powder
contains an alkyl group having 4 or more carbon atoms. Accordingly, a thermally conductive composition having excellent
flexibility and excellent thermal conductivity can be obtained.

(Liquid Resin)

[0012] The liquid resin used in the present embodiment has a viscosity of 10 mPa·s or more and 2,000 mPa·s or less
at 25°C. Here, the liquid resin means a resin in a liquid form or having flowability at room temperature (25°C).
[0013] When the viscosity is 10 mPa·s or more, the liquid resin is excellent in thermal stability, and when the viscosity
is 2,000 mPa·s or less, the thermally conductive powder can be highly filled. From such a viewpoint, the viscosity is
preferably 20 mPa·s or more and 1,000 mPa·s or less, more preferably 20 mPa·s or more and 600 mPa·s or less, still
more preferably 30 mPa·s or more and 400 mPa·s or less, and even still more preferably 30 mPa·s or more and 200
mPa·s or less.
[0014] The viscosity of the liquid resin at 25°C can be measured using a rotational viscometer (for example, trade
name: TVB-10, rotor No. 3, manufactured by Toki Sangyo Co., Ltd.) under a condition of a rotational speed of 20 rpm
in accordance with JIS Z8803:2011.
[0015] When the thermally conductive powder to be described later does not contain an alkyl group having 4 or more
carbon atoms, the liquid resin contains an alkyl group having 4 or more carbon atoms from the viewpoint of increasing
flexibility. The number of carbon atoms in the alkyl group contained in the liquid resin is preferably 6 or more, and more
preferably 8 or more from the viewpoint of increasing flexibility. An upper limit of the number of carbon atoms is preferably
30, and more preferably 18. When the thermally conductive powder contains an alkyl group having 4 or more carbon
atoms, the liquid resin may or may not contain an alkyl group having 4 or more carbon atoms.
[0016] The liquid resin is not particularly limited as long as the viscosity at 25°C is within the above range, and examples
of the liquid resin include a silicone resin (excluding an acrylic silicone to be described later), an epoxy resin, an acrylic
resin, a urethane resin, a phenol resin, a melamine resin, a urea resin, an unsaturated polyester, a fluororesin, a polyimide,
a polyamide, and a polyester. Among these, a silicone resin is preferable from the viewpoint of having excellent heat
resistance and excellent cold resistance and being usable in a wide temperature range. These resins may be used alone
or in combination of two or more kinds thereof.
[0017] The silicone resin is not particularly limited, and examples of the silicone resin include a resin having an
organopolysiloxane structure as a main chain, for example, a curable silicone resin and a non-curable silicone resin.
Examples of the curable silicone resin include an addition reaction-curable silicone resin, a condensation reaction-
curable silicone resin, and an organic peroxide-curable silicone resin, and an addition reaction-curable silicone resin is
preferable from the viewpoint of increasing flexibility. A curable silicone resin filled with the thermally conductive powder
can be used as a heat release sheet and a heat release gel. The non-curable silicone resin refers to an organopolysiloxane
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whose base polymer does not contain a curable functional group such as an alkenyl group, and is also called a non-
reactive silicone oil. The most common non-curable silicone resin is a dimethyl silicone oil, and a non-curable silicone
resin filled with the thermally conductive powder can be used as a heat release grease and a heat release putty.
[0018] In the description, the silicone oil refers to a silicone resin that has a relatively low degree of polymerization
among silicone resins and that is oily at normal temperature (25°C).
[0019] The silicone resin may contain a functional group other than the curable functional group represented by an
alkenyl group. When the thermally conductive powder to be described later contains an alkyl group having 4 or more
carbon atoms, for example, a methyl phenyl silicone resin and a phenyl silicone resin can be used as the silicone resin.
The silicone resin may contain an alkyl group having 4 or more carbon atoms, or may be an alkyl-modified silicone oil
from the viewpoint of increasing flexibility. Here, the alkyl-modified silicone oil means a silicone oil in which a portion of
a methyl group in the dimethyl silicone oil is substituted with an alkyl group having 4 or more carbon atoms. The number
of carbon atoms in the alkyl group is preferably 6 or more, and more preferably 8 or more from the viewpoint of increasing
flexibility. The upper limit of the number of carbon atoms is preferably 30, and more preferably 18.
[0020] In addition, the alkyl-modified silicone oil may contain a curable functional group.
[0021] A commercial product of the silicone resin is available. Examples of a commercial product of the curable silicone
resin include DOWSIL™ EG-3100 (manufactured by Dow Toray Co., Ltd.). For the non-curable silicone resin, examples
of a commercial product of the dimethyl silicone oil include KF-96-100cs (manufactured by Shin-Etsu Chemical Co.,
Ltd.) and ELEMENT 14PDMS 100-J (manufactured by Momentive Performance Materials Japan LLC), and examples
of a commercial product of the alkyl-modified silicone oil include KF-4003 (manufactured by Shin-Etsu Chemical Co.,
Ltd.) and X-22-7322 (manufactured by Shin-Etsu Chemical Co., Ltd.).
[0022] A content of the liquid resin is preferably 1.0% by mass or more and 20.0% by mass or less, and more preferably
2.0% by mass or more and 10.0% by mass or less with respect to the total amount of the thermally conductive composition
according to the present embodiment. When the content of the liquid resin is 1.0% by mass or more, the thermally
conductive powder can be kneaded with the liquid resin, and when the content of the liquid resin is 20.0% by mass or
less, it is possible to impart the thermal conductivity that enables a use as a thermal conductive material.

(Thermally Conductive Powder)

[0023] The thermally conductive powder used in the present embodiment is a powder having a function of transferring
heat generated from an electronic component or the like to the outside of the system, and examples thereof include a
metal, a metal nitride, a metal oxide, a metal carbide, and a metal hydroxide. The thermally conductive powder may be
used alone or in combination of two or more kinds thereof.
[0024] From the viewpoint of high thermal conductivity and high insulation property, the thermally conductive powder
is preferably a metal nitride or a metal oxide, and particularly preferably consists of a metal nitride and a metal oxide.
[0025] Examples of the metal nitride include boron nitride, aluminum nitride, and silicon nitride. Among these, aluminum
nitride is preferable from the viewpoint that the thermal conductivity is high and a filling property into a resin is high.
[0026] Examples of the metal oxide include zinc oxide, alumina, magnesium oxide, silicon dioxide, and iron oxide.
Among these, alumina is preferable from the viewpoint that the thermal conductivity is high, a variety of particle sizes
are lined up, and a degree of freedom in combination with the metal nitride is high.
[0027] When the liquid resin does not contain an alkyl group having 4 or more carbon atoms, the thermally conductive
powder contains an alkyl group having 4 or more carbon atoms from the viewpoint of increasing flexibility. The number
of carbon atoms in the alkyl group contained in the thermally conductive powder is preferably 6 or more, and more
preferably 8 or more from the viewpoint of increasing flexibility. The upper limit of the number of carbon atoms is preferably
20, and more preferably 16.
[0028] A method of introducing the alkyl group having 4 or more carbon atoms into the thermally conductive powder
can be appropriately selected depending on the type of the thermally conductive powder or the like. For example, when
the thermally conductive powder is a metal oxide, the alkyl group having 4 or more carbon atoms can be introduced into
a surface of the metal oxide by using a coupling agent.
[0029] A particle diameter at a cumulative volume of 50% of the thermally conductive powder (hereinafter, referred to
as D50) in a particle size distribution obtained by a laser diffraction scattering method is preferably 0.2 pm or more and
200 pm or less, more preferably 0.5 pm or more and 100 pm or less, and still more preferably 1.0 pm or more and 50
pm or less from the viewpoint of a thickness adjustment of the thermal conductive material and a handling property when
kneading the thermally conductive powder to the liquid resin.
[0030] The D50 of the thermally conductive powder can be measured by a particle size analyzer, and can be specifically
measured by a method described in Examples.
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[Aluminum Nitride]

[0031] A known material such as a commercial product can be used as aluminum nitride. Aluminum nitride may be
obtained by any method, and may be obtained by, for example, a direct nitriding method in which a metal aluminum
powder is directly reacted with nitrogen or ammonia, or a reduction nitriding method in which alumina is heated in a
nitrogen or ammonia atmosphere while being carbon-reduced and a nitriding reaction is simultaneously performed.
[0032] A shape of aluminum nitride is not particularly limited, and examples of the shape include an amorphous shape
(crushed shape), a spherical shape, an elliptical shape, and a plate shape (scale shape).
[0033] Further, the particle diameter (D50) at the cumulative volume of 50% of aluminum nitride in the particle size
distribution obtained by the laser diffraction scattering method is preferably 0.2 pm or more and 200 pm or less, more
preferably 10 pm or more and 100 pm or less, and still more preferably 10 pm or more and 50 pm or less.
[0034] From the viewpoint of improving moisture resistance, aluminum nitride preferably has a silicon-containing oxide
coating on a surface thereof. The silicon-containing oxide coating may cover a part of the surface of aluminum nitride,
or may cover the entire surface of aluminum nitride, and it is preferable to cover the entire surface of aluminum nitride.
[0035] Since aluminum nitride has excellent thermal conductivity, aluminum nitride having the silicon-containing oxide
coating on the surface thereof (hereinafter, also referred to as "silicon-containing oxide coated aluminum nitride") also
has excellent thermal conductivity.
[0036] Examples of the "silicon-containing oxide" in the silicon-containing oxide coating and particles of silicon-con-
taining oxide coated aluminum nitride include silica, and an oxide containing silicon and aluminum.
[0037] In silicon-containing oxide coated aluminum nitride, a coverage ratio of the silicon-containing oxide coating
covering the surface of aluminum nitride, which is obtained by LEIS analysis, is preferably 70% or more and 100% or
less, more preferably 70% or more and 95% or less, still more preferably 72% or more and 90% or less, and particularly
preferably 74% or more and 85% or less. When the coverage ratio is 70% or more and 100% or less, the moisture
resistance is more excellent. When the coverage ratio exceeds 95%, the heat conductivity may decrease.
[0038] The coverage ratio (%) of the silicon-containing oxide coating (SiO2) covering the surface of aluminum nitride,
which is obtained by the low energy ion scattering (LEIS) analysis, is obtained by the following formula. 

[0039] In the formula, SAl (AlN) is an area of an Al peak of aluminum nitride, and SAl (AlN + SiO2) is an area of an Al
peak of silicon-containing oxide coated aluminum nitride. The area of the Al peak can be obtained based on analysis
by the low energy ion scattering (LEIS) which is a measurement method using an ion source and a rare gas as probes.
The LEIS is an evaluation method that enables composition analysis of an uppermost surface by an analysis method
using a rare gas of several keV as incident ions (reference document: The TRC News 201610-04 (October, 2016)).
[0040] Examples of a method of forming the silicon-containing oxide coating on the surface of aluminum nitride include
a method that includes a first step of covering the surface of aluminum nitride with a siloxane compound having a structure
represented by the following formula (1), and a second step of heating aluminum nitride covered with the siloxane
compound at a temperature of 300°C or higher and 800°C or lower.

[0041] In the formula (1), R is an alkyl group having 4 or less carbon atoms.
[0042] The structure represented by the formula (1) is a hydrogen siloxane structural unit having a Si-H bond. In the
formula (1), R is an alkyl group having 4 or less carbon atoms, that is, a methyl group, an ethyl group, a propyl group
or a butyl group, preferably a methyl group, an ethyl group, an isopropyl group or a t-butyl group, and more preferably
a methyl group.
[0043] As the siloxane compound, an oligomer or polymer having the structure represented by the formula (1) as a
repeating unit is preferable. Further, the siloxane compound may be linear, branched or cyclic. A weight average molecular
weight of the siloxane compound is preferably 100 to 2,000, more preferably 150 to 1,000, and still more preferably 180
to 500 from the viewpoint of easy formation of the silicon-containing oxide coating having a uniform thickness. The weight
average molecular weight is a value obtained by gel permeation chromatography (GPC) in terms of polystyrene.
[0044] As the siloxane compound, a compound represented by the following formula (2) and/or a compound repre-
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sented by the following formula (3) is preferably used.

[0045] In the formula (2), R1 and R2 each independently represents a hydrogen atom or a methyl group, and at least
one of R1 and the R2 is a hydrogen atom. m is an integer of 0 to 10, preferably 1 to 5, and more preferably 1.

[0046] In the formula (3), n is an integer of 3 to 6, preferably 3 to 5, and more preferably 4.
[0047] In particular, the siloxane compound is preferably a cyclic hydrogen siloxane oligomer with n being 4 in the
formula (3) from the viewpoint of good easy formation of the silicon-containing oxide coating.
[0048] In the first step, the surface of aluminum nitride is covered with the siloxane compound having the structure
represented by the formula (1).
[0049] In the first step, the method is not particularly limited as long as the surface of aluminum nitride can be covered
with the siloxane compound having the structure represented by the formula (1). Examples of the method for the first
step include a dry mixing method in which a general powder mixing device is used to add the siloxane compound by
spraying or the like while stirring aluminum nitride as a raw material, and then dry mixing is performed to cover aluminum
nitride.
[0050] Examples of the powder mixing device include such as a Henschel mixer (manufactured by NIPPON COKE &
ENGINEERING. Co., Ltd.), a container rotation type V blender, and a double cone type blender, a ribbon blender provided
with a mixing blade, a screw type blender, a sealed type rotary kiln, and stirring by a stirring bar in a sealed container
using a magnet coupling. A temperature condition is not particularly limited, and is preferably 10°C or higher and 200°C
or lower, more preferably 20°C or higher and 150°C or lower, and still more preferably 40°C or higher and 100°C or lower.
[0051] A vapor phase adsorption method may also be used in which a vapor of the siloxane compound alone or a
mixed gas with an inert gas such as nitrogen gas is attached or deposited on the surface of aluminum nitride after
standing. A temperature condition is not particularly limited, and is preferably 10°C or higher and 200°C or lower, more
preferably 20°C or higher and 150°C or lower, still more preferably 40°C or higher and 100°C or lower. Further, if
necessary, the inside of the system can be pressurized or depressurized. As a device that can be used in this case, a
device which is a closed system and in which a gas in the closed system can be easily replaced is preferable, and for
example, a glass container, a desiccator, or a CVD device can be used.
[0052] An amount of the siloxane compound used in the first step is not particularly limited. In aluminum nitride covered
with the siloxane compound obtained in the first step, a coating amount of the siloxane compound is preferably 0.1 mg
or more and 1.0 mg or less per 1 m2 of a surface area calculated based on a specific surface area (m2/g) of aluminum
nitride obtained by a BET method, more preferably 0.2 mg or more and 0.8 mg or less, and still more preferably 0.3 mg
or more and 0.6 mg or less. When the coating amount of the siloxane compound is within the above range, it is possible
to obtain aluminum nitride having the silicon-containing oxide coating having a uniform thickness.
[0053] The coating amount of the siloxane compound per 1 m2 of the surface area calculated based on the specific
surface area (m2/g) of aluminum nitride obtained by the BET method can be obtained by dividing a mass difference of
aluminum nitride before and after coating with the siloxane compound by the surface area (m2) calculated based on the
specific surface area (m2/g) of aluminum nitride obtained by the BET method.
[0054] The specific surface area obtained by the BET method can be measured by a nitrogen adsorption BET one-
point method according to a gas flow method. As an evaluation device, Macsorb HM model-1210 manufactured by
Mountech Co., Ltd. can be used.
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[0055] In the second step, aluminum nitride covered with the siloxane compound obtained in the first step is heated
at a temperature of 300°C or higher and 800°C or lower. Accordingly, the silicon-containing oxide coating can be formed
on the surface of aluminum nitride. The heating temperature is more preferably 400°C or higher, and still more preferably
500°C or higher.
[0056] A heating time is preferably 30 minutes or longer and 6 hours or shorter, more preferably 45 minutes or longer
and 4 hours or shorter, and still more preferably 1 hour or longer and 2 hours or shorter from the viewpoint of ensuring
a sufficient reaction time and effectively forming a good silicon-containing oxide coating.
[0057] Regarding an atmosphere during the heat treatment, the heat treatment is preferably performed in an atmos-
phere containing an oxygen gas, for example, in atmosphere (in air).
[0058] After the heat treatment in the second step, the particles of silicon-containing oxide coated aluminum nitride
may be partially fused to each other, and in such a case, the particles can be crushed using a general pulverizer such
as a roller mill, a hammer mill, a jet mill, or a ball mill, to obtain silicon-containing oxide coated aluminum nitride having
no sticking and agglomeration.
[0059] After the completion of the second step, the first step and the second step may be performed in order. That is,
a step of sequentially performing the first step and the second step may be repeatedly executed.

[Alumina]

[0060] Alumina has thermal conductivity and is excellent in moisture resistance. Alumina is preferably α-alumina (α-
Al2O3). Other than α-alumina, γ-alumina, θ-alumina, δ-alumina, and the like may be used.
[0061] A known material such as a commercial product can be used as the alumina. As known alumina such as a
commercial product, optimal alumina having a wide variety of particle diameters and shapes, and being inexpensive
can be selected.
[0062] Alumina may be obtained by any production method, and for example, alumina may be obtained by a thermal
decomposition method of ammonium alum, a thermal decomposition method of ammonium aluminum carbonate, an
underwater spark discharge method of aluminum, a vapor phase oxidation method, or a hydrolysis method of aluminum
alkoxide.
[0063] A shape of alumina is not particularly limited, and examples thereof include an amorphous shape (crushed
shape), a spherical shape, a rounded shape, and a polyhedral shape.
[0064] A particle size (D50) at the cumulative volume of 50% of alumina in the particle size distribution obtained by
the laser diffraction scattering method is not particularly limited, and is preferably 0.1 pm or more and 50 pm or less.
[0065] For example, in the case of alumina, an alkyl group having 4 or more carbon atoms may be contained from the
viewpoint of increasing flexibility. Examples of a method of introducing the alkyl group having 4 or more carbon atoms
into alumina include a method of treating a surface of alumina with a silane coupling agent. The silane coupling agent
is not particularly limited as long as the silane coupling agent contains an alkyl group having 4 or more carbon atoms,
and examples thereof include butyltrimethoxysilane, hexyltrimethoxysilane, octyltrimethoxysilane, decyltrimethoxysi-
lane, and hexadecyltrimethoxysilane. Among these, octyltrimethoxysilane, decyltrimethoxysilane, and hexadecyltrimeth-
oxysilane are preferable, and decyltrimethoxysilane is more preferable from the viewpoint of increasing flexibility of the
composition.
[0066] The silane coupling agent may be used alone or in combination of two or more kinds thereof.
[0067] An amount of the silane coupling agent used is preferably 0.01 parts by mass or more and 10 parts by mass
or less, and more preferably 0.02 parts by mass or more and 5 parts by mass or less with respect to 100 parts by mass
of the alumina. When the silane coupling agent is used in the above range, the surface treatment for alumina can be
sufficiently performed.
[0068] As a representative method of treating alumina with the silane coupling agent, there is a method in which the
silane coupling agent is added by spraying or the like while stirring alumina as the raw material by using a general powder
mixing device, and then dry mixing is performed.
[0069] Examples of the powder mixing device include a Henschel mixer (manufactured by NIPPON COKE & ENGI-
NEERING Co., Ltd.) and a Spartan Granulator (manufactured by Dalton Corporation).
[0070] In the treatment for alumina with the silane coupling agent, after mixing, the heat treatment is preferably per-
formed at a temperature of 100°C to 140°C for 1 to 5 hours, and more preferably the heat treatment is performed at a
temperature of 110°C to 130°C for 2 to 4 hours.
[0071] For example, when the thermally conductive powder is a mixture of aluminum nitride and alumina, a mass ratio
of aluminum nitride to alumina [aluminum nitride/alumina] is preferably 20 to 80/80 to 20, and more preferably 30 to
70/70 to 30 from the viewpoint of increasing a filling property of the thermally conductive powder into the liquid resin.
[0072] The total content of aluminum nitride and alumina contained in the thermally conductive powder is preferably
90% by mass or more, more preferably 95% by mass or more, and particularly preferably 100% by mass from the
viewpoint of increasing the thermal conductivity of the composition.
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[0073] As the thermally conductive powder, powders having different particle diameters may be used. For example,
by containing alumina having a small particle diameter (for example, D50 of 0.1 pm or more and 50 pm or less) and
aluminum nitride having a particle diameter larger than that of alumina (for example, D50 of 10 pm or more and 100 pm
or less), it is possible to increase an amount (% by mass) of the thermally conductive powder filled in the thermally
conductive composition, and thus it is possible to further increase the heat conductivity of the thermally conductive
composition.
[0074] The content of the thermally conductive powder is preferably 75.0% by mass or more and 98.0% by mass or
less, and more preferably 85.0% by mass or more and 96.0% by mass or less with respect to the total amount of the
thermally conductive composition according to the present embodiment. When the content of the thermally conductive
powder is 75.0% by mass or more, the thermal conductivity of the composition can be improved, and when the content
is 98.0% by mass or less, the thermally conductive powder can be kneaded with the liquid resin.

(Dispersant)

[0075] The dispersant used in the present embodiment is an acrylic silicone, and has a function of increasing the
dispersibility of the thermally conductive powder. Examples of the acrylic silicone include a copolymer obtained by
copolymerizing a (meth)acrylic acid ester having at least one polydimethylsiloxane structure [-((CH3)2SiO)p-; p is an
integer of 1 or more], and an alkyl (meth)acrylate as monomers. Here, the (meth)acrylic acid ester means an acrylic acid
ester or a methacrylic acid ester.
[0076] Specific examples of the (meth)acrylic acid ester include dimethicone methacrylate. Further, specific examples
of the alkyl (meth)acrylate include methyl methacrylate, ethyl methacrylate, butyl methacrylate, ethylhexyl acrylate, and
tridecyl acrylate.
[0077] The polydimethylsiloxane structure in the (meth)acrylic acid ester preferably has 3 to 100 silicon atoms, more
preferably 3 to 50 silicon atoms, and still more preferably 3 to 30 silicon atoms. An alkyl chain in the alkyl (meth)acrylate
preferably has 1 to 15 carbon atoms, more preferably 1 to 12 carbon atoms, and still more preferably 1 to 9 carbon atoms.
[0078] The acrylic silicone used in the present embodiment is not limited to a binary copolymer consisting of only these
components, and may be a multicomponent copolymer obtained by copolymerizing three or more types of monomers
selected from a monomer containing a vinyl group such as vinyl methyl ether (meth)acrylate, a monomer containing a
carboxy group such as (meth)acrylic acid, and the like. For example, a type of an alkyl group in an ester residue, a type
of an alkyl group containing a siloxane moiety, and an acrylate and a methacrylate may be optionally used in combination
of a plurality of types for polymerization.
[0079] Specific examples of the acrylic silicone include SYMAC (registered trademark) US-350 manufactured by
Toagosei Co., Ltd., and KP-541, KP-574, and KP-578 manufactured by Shin-Etsu Chemical Co., Ltd.
[0080] A molecular weight of the acrylic silicone is not particularly limited, and a weight average molecular weight
obtained by gel permeation chromatography (GPC) in terms of polystyrene is preferably 10,000 or more and 300,000
or less, more preferably 50,000 or more and 250,000 or less, and still more preferably 100,000 or more and 200,000 or
less. When the weight average molecular weight is 10,000 or more, the dispersibility of the thermally conductive powder
into the liquid resin can be increased, and when the weight average molecular weight is 300,000 or less, the viscosity
decreases and the kneading is easier.
[0081] When the acrylic silicone also contains a monomer unit containing a carboxy group, an acid value thereof is
preferably 3 mgKOH/g or more and 95 mgKOH/g or less, more preferably 3 mgKOH/g or more and 70 mgKOH/g or less,
and still more preferably 3 mgKOH/g or more and 50 mgKOH/g or less. When the acid value of the acrylic silicone is
within the above range, the thermally conductive powder can be easily dispersed into the liquid resin.
[0082] The acid value can be measured in accordance with JIS K2501:2003. Specifically, the acid value can be
obtained by preparing a sample ethanol solution having a concentration of 5 g/L and performing potentiometric titration
using a 2-propanol solution of potassium hydroxide having a concentration of 0.1 mol/L. When the acrylic silicone does
not contain a carboxy group, the acid value is substantially 0 mgKOH/g.
[0083] When the acrylic silicone also contains a monomer unit having a polyalkoxysilyl structure, the number of moles
of the polyalkoxysilyl structure is preferably 3 mol to 30 mol, more preferably 3 mol to 20 mol, and still more preferably
5 mol to 15 mol per molecule of the acrylic silicone from the viewpoint of the viscosity and the dispersibility.
[0084] The number of moles of the polyalkoxysilyl structure can be calculated by combining GPC with nuclear magnetic
resonance (NMR) of 1H, 13C, and 29Si.
[0085] A method of polymerizing the monomer when synthesizing the acrylic silicone is not particularly limited, and
living anionic polymerization or living radical polymerization is preferable from the viewpoint that a degree of polymeri-
zation can easily be controlled. These polymerization methods are polymerization methods in which an active species
of growth is a stable anion or radical, since the active species is stable, a growing end is stable even after the monomer
is consumed, and when the monomer is added, the polymerization is restarted, and thus there is an advantage that the
degree of polymerization can be easily controlled.
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[0086] The viscosity of the acrylic silicone at 25°C is preferably 10 mPa·s or more and 2,000 mPa·s or less, and more
preferably 20 mPa·s or more and 1,000 mPa·s or less from the viewpoint of ensuring flowability at a level same as that
of the liquid resin.
[0087] The viscosity of the acrylic silicone at 25°C can be measured using a rotational viscometer (for example, trade
name: TVB-10, rotor No. 3, manufactured by Toki Sangyo Co., Ltd.) under a condition of a rotational speed of 20 rpm
in accordance with JIS Z8803:2011.
[0088] A content ratio of the liquid resin to the acrylic silicone [liquid resin/acrylic silicone] is preferably 85/15 to 98/2,
and more preferably 88/12 to 94/6 in terms of a mass ratio. When the content ratio is 85/15 or more, a decrease in heat
resistance can be prevented, and when the content ratio is 98/2 or less, the liquid resin can be highly filled with the
thermally conductive powder.
[0089] The content of the acrylic silicone is preferably 0.1% by mass or more and 2.0% by mass or less, and more
preferably 0.2% by mass or more and 1.0% by mass or less with respect to the total amount of the thermally conductive
composition according to the present embodiment. When the content of the acrylic silicone is 0.1% by mass or more,
the dispersibility of the thermally conductive powder can be increased, and when the content of the acrylic silicone is
2.0% by mass or less, a volatile content at a high temperature can be reduced.
[0090] In addition to the components described above, the thermally conductive composition according to the present
embodiment may contain additives such as a flexibility imparting agent, an inorganic ion scavenger, a pigment, a dye,
a diluent, and a reaction accelerator as necessary as long as effects of the present invention are not impaired.
[0091] In the thermally conductive composition according to the present embodiment, the total content of the liquid
resin, the thermally conductive powder, and the acrylic silicone is preferably 80 to 100% by mass, more preferably 90
to 100% by mass, and still more preferably 95 to 100% by mass.
[0092] The content of the liquid resin is preferably 1.0% by mass or more and 20.0% by mass or less with respect to
the total amount of the thermally conductive composition according to the present embodiment, and within this range,
the thermal conductivity can be further increased.
[0093] The content of the thermally conductive powder is preferably 75.0% by mass or more and 98.0% by mass or
less with respect to the total amount of the thermally conductive composition according to the present embodiment.
When the content of the thermally conductive powder is 75.0% by mass or more, the thermal conductivity of the com-
position can be further increased, and when the content of the thermally conductive powder is 98.0% by mass or less,
the thermally conductive powder can be kneaded with the liquid resin.
[0094] The content of the acrylic silicone is preferably 0.1% by mass or more and 2.0% by mass or less with respect
to the total amount of the thermally conductive composition according to the present embodiment. When the content of
the acrylic silicone is 0.1% by mass or more, the dispersibility of the thermally conductive powder can be increased, and
when the content of the acrylic silicone is 2.0% by mass or less, the volatile content at a high temperature can be reduced.
[0095] The thermally conductive composition according to the present embodiment can be obtained by collectively or
separately supplying the liquid resin, the thermally conductive powder, the acrylic silicone, and various additives to be
added as necessary to a device for dispersing and dissolving, and mixing, dissolving, and kneading these components
while heating the components as necessary. Examples of the device for dispersing and dissolving include a stone mill,
a planetary mixer, a rotation-revolution mixer, a kneader, and a roll mill.
[0096] A consistency of the thermally conductive composition according to the present embodiment is preferably 260
or more and 350 or less, and more preferably 265 or more and 340 or less.
[0097] In the present description, the consistency is an index indicating the flexibility of the thermally conductive
composition, and indicates that the greater a value of the consistency, the flexible the thermally conductive composition.
When the consistency of the thermally conductive composition is within the above range, the thermally conductive
composition is excellent in flexibility.
[0098] The consistency can be measured by a method in accordance with JIS K2220:2013, and can be specifically
measured by a method described in Examples.
[0099] The viscosity of the thermally conductive composition according to the present embodiment is preferably 100
Pa·s or more and 1,000 Pa·s or less, more preferably 150 Pa·s or more and 800 Pa·s or less, and still more preferably
200 Pa·s or more and 500 Pa·s or less.
[0100] The viscosity can be measured by a method in accordance with JIS K7210:2014 using a flow viscometer, and
can be specifically measured by a method described in Examples.
[0101] The heat conductivity of the thermally conductive composition according to the present embodiment is preferably
4.0 W/m·K or more, more preferably 5.0 W/m·K or more, and still more preferably 6.0 W/m·K or more.
[0102] The heat conductivity can be measured by a hot disk method in accordance with ISO22007-2, and can be
specifically measured by a method described in Examples.
[0103] Since the thermally conductive composition according to the present embodiment is excellent in flexibility and
is excellent in thermal conductivity, the thermally conductive composition can be suitably used for a heat-generating
electronic component such as an electronic apparatus, a personal computer, and an ECU and a battery for an automobile.
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[Cured Product]

[0104] When the liquid resin is of a curable type, a cured product can be obtained by adding a crosslinking agent and
a curing agent such as a metal catalyst to prepare the thermally conductive composition, and curing the thermally
conductive composition at room temperature (25°C), by heating or moisture. For example, in a case of an addition
reaction-curable silicone resin having a feature that the liquid resin is excellent in flexibility and adhesion among curable
silicone resins and does not generate a by-product that may become a causative substance such as air bubbles, a
silicone resin cured product can be obtained by preparing the thermally conductive composition using an organopoly-
siloxane containing an alkenyl group as a base polymer, an organopolysiloxane containing a Si-H group as a crosslinking
agent, and a curing agent represented by a platinum catalyst, and reacting the thermally conductive composition at room
temperature (25°C) or by heating. When the thermally conductive composition is cured by heating, the heating is preferably
performed at a condition of a temperature of 50°C or higher and 150°C or lower for 5 minutes or longer and 2 hours or
shorter, more preferably at a condition of a temperature of 60°C or higher and 120°C or lower for 10 minutes or longer
and 1 hour or shorter. The cured product obtained in this manner is made of the above thermally conductive composition,
and therefore is excellent in thermal conductivity.
[0105] From the viewpoint of flexibility, the cured product of the thermally conductive composition according to the
present embodiment has an Asker C hardness of preferably 5 or more and 50 or less, more preferably 8 or more and
48 or less, and still more preferably 10 or more and 45 or less.
[0106] The Asker C hardness can be measured by a method in accordance with a hardness test (type C) according
to JIS K7312:1996 using an Asker C hardness meter, and specifically, can be measured by a method described in
Examples.

[Examples]

[0107] Next, the present invention will be specifically described with reference to Examples, but the present invention
is not limited by these Examples in any way.

[Synthesis Example 1: Preparation of Silicon-containing Oxide Coated Aluminum Nitride]

[0108] In the first step, the surface of aluminum nitride was coated using a vacuum desiccator, which was made of an
acrylic resin having a thickness of 20 mm, had an inner dimension of 260 mm 3 260 mm 3 100 mm, and had a structure
divided into upper and lower parts by a partition with a through hole. In the upper part of the vacuum desiccator, 30 g
of spherical aluminum nitride (FAN-f50-A1, manufactured by Furukawa Denshi Co., Ltd.) having D50 of 42 pm and a
specific surface area of 0.08 m2/g obtained by the BET method was uniformly spread and left to stand on a stainless
tray. Next, in the lower part of the vacuum desiccator, 10 g of a siloxane compound (cyclic methylhydrogensiloxane
tetramer, manufactured by Tokyo Kasei Kogyo Co., Ltd.) with n = 4 in the formula (3) was charged into a glass petri dish
and left to stand. Then, the vacuum desiccator was closed and was heated in an oven at 80°C for 30 hours. For a
hydrogen gas generated by a reaction, a safety measure was taken to perform an operation, such as releasing the
hydrogen gas from a release valve attached to the vacuum desiccator. After the completion of the first step, a sample
taken out from the desiccator was charged into a crucible made of alumina, and the sample was subjected to a heat
treatment in the second step under conditions of 650°C and 1.5 hours in atmosphere, thereby obtaining silicon-containing
oxide coated aluminum nitride.
[0109] The specific surface area of aluminum nitride obtained by the BET method was measured using Macsorb HM
model-1210 manufactured by Mountech Co., Ltd. As an adsorption gas, a mixed gas containing 70 vol% of He and 30
vol% of N2 was used.

[Alumina Surface Treatment]

(1) Treatment 1: Alumina Surface-treated Product 1

[0110] 1.0 g of KBM-3103C (decyltrimethoxysilane, manufactured by Shin-Etsu Chemical Co., Ltd., minimum coating
area: 297 m2/g) as a surface treatment agent was dissolved in 9.0 g of a solvent (ethanol/water = 9/1) to prepare a
hydrolysis solution.
[0111] 100 g of alumina AA-18 (manufactured by Sumitomo Chemical Co., Ltd., D50 = 20 pm, specific surface area:
0.15 m2/g) was charged to a container, the hydrolysis solution corresponding to an amount of decyltrimethoxysilane
calculated by the following equation (I) was added with a dropper, and then stirring and mixing at a rotational speed of
2,000 rpm for 20 seconds were repeated three times with a rotation-revolution mixer (ARE-310 manufactured by Thinky
Corporation). The obtained mixture was charged into a stainless vat, and was subjected to a heat treatment at a tem-
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perature of 120°C for 2 hours in a hot air oven to obtain a surface-treated product of alumina AA-18 (alumina surface-
treated product 1).

(2) Treatment 2: Alumina Surface-treated Product 2

[0112] 1.0 g of KBM-3033 (propyltrimethoxysilane, manufactured by Shin-Etsu Chemical Co., Ltd., minimum coating
area: 475 m2/g) as a surface treatment agent was dissolved in 9.0 g of a solvent (ethanol/water = 9/1) to prepare a
hydrolysis solution.
[0113] 100 g of alumina AA-18 (manufactured by Sumitomo Chemical Co., Ltd., D50 = 20 pm, specific surface area:
0.15 m2/g) was charged into a container, the hydrolysis solution corresponding to an amount of propyltrimethoxysilane
calculated by the above equation (I) was added with a dropper, and then stirring and mixing at a rotational speed of
2,000 rpm for 20 seconds were repeated three times with a rotation-revolution mixer (manufactured by Thinky Corpo-
ration). The obtained mixture was charged into a stainless vat, and was subjected to a heat treatment at a temperature
of 120°C for 2 hours in a hot air oven to obtain a surface-treated product of alumina AA-18 (alumina surface-treated
product 2).

(3) Treatment 3: Alumina Surface-treated Product 3

[0114] A surface-treated product of alumina AA-5 (alumina surface-treated product 3) was obtained in the same manner
as in Treatment 1, except that AA-5 (manufactured by Sumitomo Chemical Co., Ltd., D50 = 6 pm, specific surface area:
0.28 m2/g) was used as alumina instead of AA-18, and the hydrolysis solution corresponding to an amount of decyltri-
methoxysilane calculated by the above equation (I) was used.

(4) Treatment 4: Alumina Surface-treated Product 4

[0115] A surface-treated product of alumina AA-5 (alumina surface-treated product 4) was obtained in the same manner
as in Treatment 2, except that AA-5 (manufactured by Sumitomo Chemical Co., Ltd., D50 = 6 pm, specific surface area:
0.28 m2/g) was used as alumina instead of AA-18, and the hydrolysis solution corresponding to an amount of propyltri-
methoxysilane calculated by the above equation (I) was used.

(5) Treatment 5: Alumina Surface-treated Product 5

[0116] 4.0 g of KBM-3103C (decyltrimethoxysilane, manufactured by Shin-Etsu Chemical Co., Ltd., minimum coating
area: 297 m2/g) as a surface treatment agent was dissolved in 6.0 g of a solvent (ethanol/water = 9/1) to prepare a
hydrolysis solution.
[0117] 100 g of alumina AKP-20 (manufactured by Sumitomo Chemical Co., Ltd., D50 = 0.5 pm, specific surface area:
4.32 m2/g) was charged into a container, the hydrolysis solution corresponding to an amount of decyltrimethoxysilane
calculated by the above equation (I) was added with a dropper, and then stirring and mixing at a rotational speed of
2,000 rpm for 20 seconds were repeated three times with a rotation-revolution mixer (ARE-310 manufactured by Thinky
Corporation). The obtained mixture was charged into a stainless vat, and was subjected to a heat treatment at a tem-
perature of 120°C for 2 hours in a hot air oven to obtain a surface-treated product of alumina AKP-20 (alumina surface-
treated product 5).

(6) Treatment 6: Alumina Surface-treated Product 6

[0118] 4.0 g of KBM-3033 (propyltrimethoxysilane, manufactured by Shin-Etsu Chemical Co., Ltd., minimum coating
area: 475 m2/g) as a surface treatment agent was dissolved in 6.0 g of a solvent (ethanol/water = 9/1) to prepare a
hydrolysis solution.
[0119] 100 g of alumina AKP-20 (manufactured by Sumitomo Chemical Co., Ltd., D50 = 0.5 pm, specific surface area:
4.32 m2/g) was charged into a container, the hydrolysis solution corresponding to an amount of propyltrimethoxysilane
calculated by the above equation (I) was added with a dropper, and then stirring and mixing at a rotational speed of
2,000 rpm for 20 seconds were repeated three times with a rotation-revolution mixer (manufactured by Thinky Corpo-
ration). The obtained mixture was charged into a stainless vat, and was subjected to a heat treatment at a temperature
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of 120°C for 2 hours in a hot air oven to obtain a surface-treated product of alumina AKP-20 (alumina surface-treated
product 6).

(Examples 1 to 5 and Comparative Examples 1 to 9)

[0120] Respective components having types and amounts shown in Tables 1 and 2 were weighed into a polyethylene
container, and were charged into a rotation-revolution mixer (manufactured by Thinky Corporation), and then stirring
and mixing at a rotational speed of 2,000 rpm for 20 seconds were repeated three times to obtain thermally conductive
compositions of respective Examples and Comparative Examples. Blanks in Tables 1 and 2 indicate no formulation.

(Examples 6 and 7 and Comparative Examples 10 to 15)

[0121] Respective components having types and amounts shown in Table 3 were weighed into a polyethylene con-
tainer, and were charged into a rotation-revolution mixer (manufactured by Thinky Corporation), and then stirring and
mixing at a rotational speed of 2,000 rpm for 20 seconds were repeated three times to obtain thermally conductive
compositions of respective Examples and Comparative Examples. Blanks in Table 3 indicate no formulation.
[0122] The thermally conductive composition from which air bubbles were removed was placed on a polyester film
having a thickness of 0.1 mm which was subjected to a silicone release treatment, a polyester film having a thickness
of 0.1 mm was placed on the thermally conductive composition such that the thermally conductive composition was not
mixed with air, and the obtained product was molded by a rolling roll, was cured at 100°C for 15 minutes, and further
was left to stand at room temperature (23°C) for one day to obtain a sheet having a thickness of 2.0 mm.
[0123] Details of the respective components described in Tables 1 to 3 used in the preparation of the thermally
conductive composition are as follows.

<Liquid Resin>

(Non-curable Silicone Resin)

[0124]

·KF-96-100cs: dimethyl silicone oil, manufactured by Shin-Etsu Chemical Co., Ltd., viscosity (25°C) = 100 mPa.s
·KF-4003: alkyl-modified silicone oil (containing an alkyl group having 8 carbon atoms), manufactured by Shin-Etsu
Chemical Co., Ltd., viscosity (25°C) = 40 mPa.s

(Curable Silicone Resin)

[0125]

·DOWSIL™ EG-3100: vinyl group-containing dimethyl silicone resin (containing a crosslinking agent and a platinum
catalyst), manufactured by Dow Toray Co., Ltd., viscosity (25°C) = 320 mPa s

<Dispersant>

[0126]

·KP-578: acrylic silicone [(acrylate/ethylhexyl acrylate/dimethicone methacrylate) copolymer], manufactured by Shin-
Etsu Chemical Co., Ltd., viscosity (25°C) = 180 mPa s

<Thermally Conductive Powder>

(Aluminum Nitride)

[0127]

·FAN-f50-A1: manufactured by Furukawa Denshi Co., Ltd., D50 = 42 pm, specific surface area (by BET method) =
0.08 m2/g
·FAN-f50-A1 silicon-containing oxide coating: silicon-containing oxide coated aluminum nitride produced in Synthesis
Example 1, D50 = 45 pm
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(Alumina)

[0128]

·AA-18: manufactured by Sumitomo Chemical Co., Ltd., D50 = 20 pm
·Alumina surface-treated product 1: surface-treated product of AA-18 obtained in Treatment 1
·Alumina surface-treated product 2: surface-treated product of AA-18 obtained in Treatment 2
·AA-5: manufactured by Sumitomo Chemical Co., Ltd., D50 = 6 pm
·Alumina surface-treated product 3: surface-treated product of AA-5 obtained in Treatment 3
· Alumina surface-treated product 4: surface-treated product of AA-5 obtained in Treatment 4
·AKP-20: manufactured by Sumitomo Chemical Co., Ltd., D50 = 0.5 pm
·Alumina surface-treated product 5: surface-treated product of AKP-20 obtained in Treatment 5
·Alumina surface-treated product 6: surface-treated product of AKP-20 obtained in Treatment 6

<Other Components>

(Curing Catalyst)

[0129]

·XC86-250: platinum catalyst, manufactured by Momentive Performance Materials

(Crosslinking Agent)

[0130]

·TSF-484: hydrogen siloxane, manufactured by Momentive Performance Materials

[0131] The D50 of the thermally conductive powder was obtained based on the particle diameter (50% particle diameter
D50) at which the cumulative volume was 50% in a particle size distribution measured using a laser diffraction type
particle size distribution analyzer (trade name: MT3300EXII manufactured by MicrotracBEL Corp.).

<Evaluation Items>

(1) Consistency

[0132] The consistency was obtained by the following procedure in a 1/4 scale in accordance with JIS K2220:2013.
[0133] A thermally conductive composition was charged into a sample container made of brass, a surface of the
thermally conductive composition was flattened, and then a 1/4 cone was dropped onto the thermally conductive com-
position at 25°C for 5 seconds, a penetration depth was measured, and the consistency was calculated based on the
following equation. 

(2) Heat Conductivity

(Examples 1 to 5 and Comparative Examples 1 to 9)

[0134] Two sample containers made of brass similar to that for consistency measurement were prepared, into which
the thermally conductive composition was charged, surfaces of the sample containers were covered with a wrap, the
sample containers were set in a form of sandwiching from above and below a probe of a hot disk method-based meas-
urement device (TPS-2500 manufactured by Kyoto Electronics Manufacturing Co., Ltd.) in accordance with ISO22007-2,
and the heat conductivity was measured.

(Examples 6 and 7 and Comparative Examples 10 to 15)

[0135] The obtained sheet having a thickness of 2.0 mm was cut into a strip with a width of 20 mm and a length of 30
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mm, two blocks each made by stacking three strips were prepared, surfaces of the blocks were covered with a wrap,
the blocks were set in a form of sandwiching from above and below a probe of a hot disk method-based measurement
device (TPS-2500 manufactured by Kyoto Electronics Manufacturing Co., Ltd.) in accordance with ISO22007-2, and the
heat conductivity was measured.

(3) Flow Viscosity

[0136] In accordance with JIS K7210:2014, the flow viscosity was measured using a flow viscometer (GFT-100EX,
manufactured by Shimadzu Corporation) under conditions of a temperature of 30°C, a die hole diameter of 1.0 mm, and
a test force of 40 (weight of 7.8 kg).

(4) Asker C Hardness

[0137] The obtained sheet having a thickness of 2.0 mm was cut into a strip with a width of 20 mm and a length of 30
mm, and a block made by stacking three strips was prepared and was used as a measurement sample. An Asker C
hardness of the measurement sample was measured in accordance with a hardness test (type C) in JIS K7312:1996
by using an Asker C hardness tester (Asker C rubber hardness tester, manufactured by Kobunshi Keiki Co., Ltd.).
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[0138] According to Table 1 and Table 2, it can be seen that in all of Examples 1 to 5 using liquid resin with alkyl
groups having 4 or more carbon atoms and/or alumina surface treated with decyltrimethoxysilane as thermally conductive
powder, the consistency is as high as 270 or more and the heat conductivity is as high as 6.0 W/m·K or more.
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[0139] According to Table 3, it can be seen that in both of Examples 6 and 7 using liquid resin with alkyl groups having
4 or more carbon atoms and/or alumina surface treated with decyltrimethoxysilane as thermally conductive powder, the
viscosity of the thermally conductive composition is as low as 350 Pa·s, the Asker C hardness of the cured product
thereof is 50 or less with excellent flexibility, and the heat conductivity is as high as 6.0 W/m·K or more.

Claims

1. A thermally conductive composition comprising:

a liquid resin;
a thermally conductive powder; and
a dispersant, wherein
the liquid resin has a viscosity of 10 mPa·s or more and 2,000 mPa·s or less at 25°C,
the dispersant is an acrylic silicone, and
at least one of the liquid resin and the thermally conductive powder contains an alkyl group having 4 or more
carbon atoms.

2. The thermally conductive composition according to claim 1, wherein
the liquid resin is a silicone resin.

3. The thermally conductive composition according to claim 2, wherein
the silicone resin is an alkyl-modified silicone oil.

4. The thermally conductive composition according to any one of claims 1 to 3, wherein
the thermally conductive powder contains a metal nitride and a metal oxide.

5. The thermally conductive composition according to claim 4, wherein
the metal oxide is alumina.

6. The thermally conductive composition according to claim 4, wherein
the metal nitride is aluminum nitride, and the aluminum nitride has a silicon-containing oxide coating on a surface
thereof.

7. The thermally conductive composition according to any one of claims 1 to 6, wherein
with respect to a total amount of the thermally conductive composition, a content of the liquid resin is 1.0% by mass
or more and 20.0% by mass or less, a content of the thermally conductive powder is 75.0% by mass or more and
98.0% by mass or less, and a content of the acrylic silicone is 0.1% by mass or more and 2.0% by mass or less.

8. The thermally conductive composition according to any one of claims 1 to 7, wherein
a content ratio of the liquid resin to the acrylic silicone [liquid resin/acrylic silicone] is 85/15 to 98/2 in terms of a
mass ratio.

9. A cured product of the thermally conductive composition according to any one of claims 1 to 8.



EP 4 184 564 A1

22

5

10

15

20

25

30

35

40

45

50

55



EP 4 184 564 A1

23

5

10

15

20

25

30

35

40

45

50

55



EP 4 184 564 A1

24

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 11209618 A [0004] • WO 2017002474 A [0004]


	bibliography
	abstract
	description
	claims
	search report
	cited references

